IT has frequently been noted by the early investigators of tumour pathology that besides a high mitotic rate, tumour cells may also show great variation in the details of mitosis (Pianese, 1896; Hansemann, 1904) . A high frequency of abnormal division may indeed be an almost universal phenomenon in tumours (Ludford, 1942) . The abnormalities may concern the behaviour of the chromosomes or the cytoplasm or both, and most of them lead to degeneration and death of the cells. This is largely due to the deficient nuclei which usually result from abnormal mitosis. The great wealth of evidence obtained in radiation experiments indicates that normal cellular activity stops when the nucleus does not contain the full chromosome complement (Koller, 1943a) . It is obvious that cells which are undergoing abnormal mitosis contribute little to the growth of tumours, but they may have some other role of importance in respect of the histological organization of the tumour. It needs to be emphasized that the growth rate is determined primarily by the number of normally dividing cells.
Recent cytological studies on a great number of human tumours of various kinds show that abnormal cell behaviour is generally due to external conditions (e.g. reduced food supply). Evidence has also been obtained, however, which shows that abnormalities of tumour mitosis can also be conditioned from within the cell.
The present paper describes various cytological types of abnormal cells which are commonly encountered in tumours, and analyses the causes underlying them. In view of the fact that abnormalities in dividing tumour cells are also induced by various therapeutic agencies (e.g. X-rays, y-rays, and chemical means), it seems desirable to describe and illustrate those mitotic irregularities which occur in tumours naturally.
EXTERNALLY CONDITIONED ABNORMALITIES.
The cell population of infiltrating tumour cords is stratified in various cell types, which can readily be distinguished by the morphological characteristics of their nuclei. In many investigations it has been seen that dividing cells are most numerous at the periphery of the tumour mass and in regions around bloodvessels. Mitotic abnormalities are rare in cells of these regions (Fig. 1) . Towards the centre of the mass, however, while the number of dividing cells decreases, the frequency of cells showing mitotic abnormalities increases (Table I ). The cytological differentiation of tumour tissue into various cell types with different functions, indicated by their different morphology and nucleic acid content, is correlated with the food supply (Caspersson and Santesson, 1942 The mitotic abnormalities which occur naturally in tumours can be divided into three classes: (i) Structural alterations in the chromosomes; (ii) numerical changes in the chromosome complement; and (iii) complete or partial suppression of the spindle.
(i) Amongst the changes which affect chromosome structure, most common is stickiness of the chromosomes, which can be easily observed during anaphase (Fig. 14, 15 ).* The chromosomes stick together at the end and lag behind the normally segregating chromosomes. Sticky chromosomes form bridges stretching between the poles, thus preventing the separation of the telophase chromosome groups (Fig. 2, 3 , 4). Cell division very often remains incomplete (Fig. 17, 18, 19, 20, 21) . Loss of chromosome material in such cells occurs very frequently.
* Fig. 14 to 27 are camera lucida drawings of cells from squash preparations. Technique is described by Koller (1942 (ii) Cells with an abnormal chromosome number were observed in tumours of mice (Goldschmidt and Fischer, 1929; Winge, 1930) and man (Kemp, 1930; Koller, 1943b (Koller, 1947 (Fig.  9) . The number of chromosomes may be so high that the degree of polyploidy of the cell cannot be determined (Koller, 1943b (iii) The centromere of chromosomes and the centrosomes are primarily responsible for the organization of the spindle (Darlington, 1940) , but the cytoplasmic environment also plays an important role in its formation (Bernal, 1940; Ostergren, 1944a) . Extra division of centromeres and abnormal orientation of metaphase chromosomes often leads to the formation of multipolar or incomplete spindle (Fig. 7, 24 to 27). The former is specially common in polyploid cells; the latter develops in multinucleate cells undergoing synchronous division (Fig. 8) . The.unipolar spindle is rare (Fig. 27) . Stickiness of anaphase chromosomes is usually accompanied by the presence of an incomplete or abnormally oriented spindle (Fig. 4 and 25) . The daughter nuclei, after the completion of multipolar mitosis, often remain associated by chromosome bridges (Fig. 17  and 23 ). The abnormalities of all three categories described above can be brought about experimentally in normal cells by various external agencies. X-rays induce stickiness of chromosomes in plants and animals (Markquand, 1938; Koller, 1943a; Darlington and La Cour, 1945) . Temperature changes and chemical treatment can lead to similar abnormalities (Barber and Callan, 1943; Ostergren, 1944b) , and complete suppression of the spindle is brought about by low temperature and by specific compounds, such as colchicine.
Polyploid, binucleate and multinucleate cells, owing to their chromosome balance, survive and may undergo mitosis. Their rate of mitosis, however, is always less than that of cells with a normal chromosome number. On account of their lower frequency and low rate of division, they play an insignificant role in the growth of the tumour. Polyploid cells are, however, more resistant to irradiation by X-rays than diploid cells, and under specific histological conditions they can be responsible for tumour recurrence (Koller and Smithers, 1946) .
Nuclei with complete chromosome sets are necessary for the regular functioning of cells (Koller, 1943a) , and experimental proof is available to show that loss of chromosomes or of chromosome segments leads to the death of the cell (Koller and Smithers, 1946) . Cells with deficient nuclei can survive only under very specific conditions (Barber, 1941; Sax, 1942) , although such cells have been observed in leukaemic bone marrow of mice and in the normal bone marrow of the fowl (Koller, unpublished) .
The frequency of chromosomally unbalanced cells is, however, low and their distribution in tissues sporadic. In the course of cytological investigations of human tumours, several were found with regions in which cells with an irregular chromosome number were very abundant. Cell and chromosome behaviour was analysed in detail in one such tumour, an adenocarcinoma of the rectum (Fig. 10 to 13 ).
The chromosome number showed great variation (Fig. 28) . Cells with 36, 32, 24 and 16 chromosomes were the most numerous. It was observed that the chromosomes were longer and more slender than in normal diploid cells. In some cells the chromosomes appeared as thin, lightly-stained threads. As a general rule there was synchronization in behaviour of adjacent cells. In one region, 16 cells were seen in simultaneous mitosis. Chromosomes, and occasionally whole chromosome sets, were found to fragment. The breakage occurred in chromosome regions which were thin and understained with Feulgen's basic fuchsin (Fig. 13) . It was found that the rate of mitosis of the chromosomally unbalanced cells was higher than the rate of breakdown of such cells.
The peculiar chromosome behaviour in this adenocarcinoma throws new light on the relationship of tumour cells. Sufficient evidence is available from experimental tumour transplantation, tissue culture work and tumour pathology to show that adjacent tumours cells may still be dependent on each other in many respects, and the adenocarcinoma in question illustrates to what a great extent this may be so. There is no direct evidence as to the mechanism responsible for synchronous division, but it seems conceivable that a specific substance, necessary for chromosome synthesis, is transferred from one cell to adjacent cells (Barber, 1941; Sax, 1942) . 45 Until recently it was believed that a nucleus with the diploid chromosome number was necessary for normal cell behaviour, and that cells with a deficient complement could function only under very specific conditions, the life of such cells always being short (Darlington, 1942 ). The adenocarcinoma here described presents an example in which cells with less than the normal number of chromosomes are still able to divide and to continue dividing. It is not out of place to draw attention to recent literature on cytoplasmic control in micro-organisms (Sonneborn, 1943; Spiegelman and Kamen, 1946) , the relevance of which, for the origin of cancer, has been dealt with by many authors (Graffi, 1939 (Graffi, , 1940a Darlington, 1944; Haddow, 1944; Potter, 1945; Woods and Du Buy, 1945, 1946) , who suggest that the permanent change which renders a cell malignant takes place in the cytoplasm. Cell behaviour in this adenocarcinoma is a further indication that the nucleus can be so subordinated, and the cell remain active in spite of its deficient nucleus. 
